ABSTRACT The present study aimed to replace the fat in cooked chicken sausages with commercial hydrolyzed collagen powder and chicken feet gelatin and to assess the qualities underlying physicochemical and sensory parameters. Three sausages were prepared: SS (15% fat), SC (7.5% fat and 7.5% hydrolyzed collagen powder), and SG (7.5% fat and 7.5% chicken feet collagen). The reduction of fat increased the values of a * , b * , and Hue. With regard to emulsion stability, SG had the closest value (95.86%) to the standard (SS) value and was more stable than the SC sausage (87.33%). With regard to texture profile, the SC sausage had similar parameters to SS, and the SG sample had lower adhesiveness, gumminess, and chewiness. With regard to fatty acid profile, SG had the lowest atherogenic and thrombogenic indices. The use of 50% gelatin was viable because it increased emulsion stability and water retention, in addition to using byproduct to prepare healthier sausages, especially regarding fat reduction.
INTRODUCTION
Frankfurt-type sausages (frankfurters) are widely produced and consumed worldwide, either for their low cost or for convenience (Feiner 2006; Choe et al., 2013) . According to Villamonte et al. (2013) , the levels of fat used that result in improved emulsion quality range from 30 to 40%. These high levels are added to formulations improve the flavor and texture of the products during chewing, and these sensations may be affected by fat reduction (Yilmaz, 2005) . Brazilian law sets a maximum limit of 30% fat in frankfurters (Brazil, 2000) .
Because these products have high fat content, excessive consumption may contribute to obesity, which is associated with chronic diseases, including diabetes, cardiac diseases, high blood pressure, and some forms of cancer (WHO, 2009) . To maintain the supply of meat products without causing such problems, the alternative would be to produce these foods with reduced fat content.
The simplest alternative for reducing fat in meat products is to use leaner cuts; however, this method implies an increase in the cost of production, rendering this procedure unfeasible for the industry. Other ways to reduce fat content consist of using flours, fiber, starches, gums (xanthan, carrageenan, konjac), lipid sources rich in polyunsaturated fatty acids, protein (such as hydrolyzed collagen), and other water-based ingredients, including gels and hydrocolloids (Luereña-Martinez et al., 2004; Jimenez-Colmenero et al., 2010; Choe et al., 2013; Prestes et al., 2015; Furlán et al., 2014; Sousa et al., 2017) .
The use of fat in meat products improves its sensory and physicochemical properties and quality characteristics. Therefore, its reduction may cause problems, including the loss of texture and juiciness, in addition to cooking weight losses due to decreased water retention. Such problems may be minimized by adequately choosing the fat replacer and the level of fat reduction used in meat products (Ordoñez et al., 2001; Faria et al., 2015) .
The choice of a fat replacer suitable for the meat product can increase the content of essential nutrients, such as fiber, vitamins, minerals, polyunsaturated fatty acids or proteins, while maintaining its quality (Triki et al., 2013; Alves et al., 2016) . Several of these ingredients derive from food industry waste, thus also contributing to reduce production and environmental costs by utilizing this waste (Prestes et al., 2015) .
Among the fat replacers derived from the meat packing industry, collagen is an animal protein source with considerable quantities of essential amino acids and may be produced from several byproducts, including poultry feet (Nomura et al., 1996; Liu et al, 2001; Alves and Prudencio-Ferreira, 2002; Lin and Liu, 2006) , fish scales, and mammal skin and tendons (Huang and Nimni, 1993) . Adding collagen to meat products increases gelification and the water-holding capacity, thereby maintaining the juiciness of those products when replacing fat (Prestes et al., 2012) .
The use of hydrolyzed collagen powder in emulsified meat products can be disadvantageous to hardness, primarily because of the ability to bind water. Sousa et al. (2017) , when characterizing chicken sausages with different levels of fat replacement with hydrolyzed collagen powder, determined that 50% substitution of fat by hydrolyzed collagen increased the water-holding capacity but negatively affected textural parameters like hardness, adhesiveness, and cohesiveness. A way to minimize these effects would be adding gelatin to improve the water-holding capacity of the emulsified matrix without affecting the textural traits of the final product. Therefore, this study aimed to assess the effect of replacing fat with chicken feet gelatin and with commercial collagen powder on the physicochemical, physical, and sensory characteristics of chicken frankfurters.
MATERIAL AND METHODS

Experimental Material and Inputs
Feet from chickens slaughtered between 42 and 47 d of age, condiments and the additives necessary to prepare the chicken sausages were purchased in the local market of the city of João Pessoa (Paraíba state (PB), Brazil). The chicken meat used was a gift from the company Mauricea Alimentos (Nazaré da Mata, Pernambuco state (PE), Brazil). The reagents and standards used in the tests were purchased from Sigma-Aldrich (St. Louis, MO, USA). The L-hydroxyproline standard was purchased from Merck (Darmstadt, Germany). Other reagents used in the study were analytical-grade reagents.
Extraction and Chemical Composition of Chicken Feet Collagen
The chicken feet were boned, cut and subjected to acidic and enzymatic collagen extraction, following Shimokomaki et al. (1981) and Simões et al. (2014) . The chicken feet were immersed in acetic acid (0.3 mol/L) for 24 h at a 1:10 ratio (w/v). After homogenization in a Turrax blender (IKA, model T25) for 10 min at 5,000 g, 1% pepsin was added to the resulting mixture, maintaining the temperature of 4
• C for 12 h. The hydrolysis was interrupted by increasing the pH to 7.5 with 1 mol/L NaOH and subsequently centrifuging for 30 min at 10,000 g at 4
• C. The supernatant was precipitated with NaCl to a concentration of 3 mol/L, and the mixture was centrifuged again at 10,000 g for 30 min at 4
• C. The precipitate, the gelatin produced, was dialyzed for 72 h in a 0.5 mol/L acetic acid solution, replacing the solution daily. The collagen in the resulting gel was quantified based on the hydroxyproline content 
Preparation of Low-fat Chicken Sausages
Three sausage formulations (Table 1) were processed, including a standard formulation with 15% backfat in the formulation (SS), a formulation with 7.5% backfat, and 7.5% commercial hydrolyzed collagen powder (SC) (Germina, Parnamirim, RN, Brazil) and another with 7.5% backfat and 7.5% chicken feet gelatin (SG). A 50% fat replacement with collagen was used in this study because this was the best formulation obtained by Sousa et al. (2017) when studying different levels of fat replacement with collagen powder.
Chicken meat and backfat were thawed for 24 h at 7
• C, weighed, comminuted, and emulsified in a cutter Skymsem, Brazil) together with the other ingredients for 5 min. Then, the emulsions were encased into a cellulose casing with a 32-mm diameter (Viscofan, Spain) using a manual sausage stuffer, manually bundled and cooked in a water bath for 30 min, at an internal temperature of 72 • C as measured by a contact thermometer (Incoterm, Brazil) . After cooking, the casings were manually removed, and the sausages were cooled in cold water and vacuum-packed in high-density polyethylene bags. The sausages were stored under refrigeration at 4 ± 2
• C and were analyzed after 12 h. Two sausage-processing batches were prepared, and 3 samples were analyzed for each treatment.
Sensory Evaluation
Quantitative descriptive analysis (QDA) of the lowfat sausages was performed according to the method proposed by Meilgaard (1999) , which involved the stages of candidate pre-selection and development of descriptive terminology (Moskowitz, 1983 ). The latter generated the following descriptors, outlined in Table 2 : pink color, visual homogeneity, visual juiciness, tenderness, juiciness, granularity, water exudation, chewiness, chicken aroma, condiment aroma, rancid aroma, chicken flavor, and saltiness. The panelists were trained and selected, and only those who were approved evaluated the samples. The study was previously approved by the Human Research Ethics Committee (CAAE): 65,402,717.8.0000.5188, thus meeting the ethical and scientific requirements established in Resolution number 466 of the National Health Council (Brazil, 2012) . The sausages were presented to the panelists only after compliance with the following microbiological parameters established by Brazilian law for cold cooked meat was assessed: positive Staphylococcus coagulase coliforms at 45
• C, sulfite-reducing Clostridia and Salmonella detection (Brazil, 2001) .
Twenty-five potential consumers of sausages and other chicken meat-based products were pre-selected, of which 16 were eligible to develop descriptive terminology. After this stage, they were subjected to training, and after statistical analysis via analysis of variance (ANOVA; p treatments < 0.05 and p replicates > 0.05) and panel consensus, 11 trained panelists were selected to perform the final assessment of the sausages. The final assessment was performed in 3 sessions per day; 3 samples were randomly and separately served in each session. The intensity of the sensory traits was measured on a 9-point, unstructured scale. The sausages were prepared according to the method proposed by Morin et al. (2002) , wherein cooked sausages, which were randomly encoded with 3-digit numbers, were heated to 50
• C and immediately served to the panelists. Soda crackers and water were served between samples to cleanse the palate between samples.
Assessment of Sausage Chemical Composition
The sausages were subjected to moisture, protein and ash analysis, according to the method proposed by AOAC (2007) . The lipid content was determined using the method by Folch et al. (1957) by cold extraction. The collagen content was also assessed by hydroxyproline analysis, protocol 990.26 (AOAC, 2007) . All tests were performed in triplicate.
Assessment of Fatty Acid Profile
Fatty acids were methylated using the lipid extracts resulting from the analysis of fat (Hartman and Lago, 1973) . Fatty acid esters were identified and quantified by injection into a gas chromatograph (VARIAN 430-GC) coupled with a flame ionization detector and a polar, fused silica capillary column (CPWax) whose size was 100 m × 0.25 mm with 0.25-μm thickness. Helium was used as carrier gas, at a 1-mL/min flow rate. The methyl ester extract was injected (1.0 μL) into a split/splitless injector at 250
• C, and the chromatogram was recorded using Galaxy software. The initial and final temperatures of the column were 100 and 240
• C, respectively, with an intermediate ramp of 2.5
• C/min. The detector temperature was kept at 260
• C. The fatty acids were identified by comparing the retention times of the methyl esters of transesterified extracts with the standards derived for identical fatty acid methyl esters. The quantification of fatty acids was expressed as percentage of area to calculate the sums of saturated (SFA), monounsaturated (MUFA), and polyunsaturated (PUFA) fatty acids. The atherogenic index (AI), which represents the potential for platelet aggregation (Tonial et al., 2011) , was calculated using the following equation: AI = [(C12:0) + 4(C14:0) + C(16:0)]/(ΣSFA + ΣPUFA). The thrombogenic index (TI) was also calculated according to the following equation: TI = (C14:0 + C16:0 + C18:0)/[(0.5 × ΣMUFA) + (0.5 × n-6) + (3 × n-3) + (n-3/n-6)]. The injections were performed in triplicate for each sausage sample.
Assessment of Physical Parameters of Chicken Sausages with Fat Replacement with Collagen
pH, water-holding capacity, and emulsion stability The sausage pH was determined by directly reading approximately 5 g of sample dissolved in 50 mL distilled water using a benchtop pH meter Q400AS (Quimis, São Paulo, Brazil), according to the AOAC (2007) method.
Water-holding capacity (WHC) was analyzed according to the method by Huff-Lonergan and Lonergan (2005) . Furthermore, the emulsion stability was also determined according to the method by Horita et al. (2011) by quantifying the total loss of fluid, loss of water, and loss of fat from the meat mass formed once subjected to cooking at 80
• C.
Instrumental Color
The color parameters of the sausages were determined in a Konika Minolta CR-400 colorimeter (Minolta Chromameter Co., Ltd., Osaka, Japan), operating in the CIELab system with a standard illuminant D65 and the observer at 10
• . The parameters L * (luminosity), +a * (red color intensity), and +b * (yellow color intensity) were measured in the internal surface of sausages sliced in four randomly selected sites, for each treatment. Using the parameters measured, the total difference in color ΔE was calculated for each treatment, according to the following equation:
wherein ΔL, Δa, and Δb are the differences between each value of each treatment and the value of the standard sample. The Chroma values, which are related to sample color intensity, and the Hue values, regarding color saturation, were also calculated.
Texture Profile Analysis
The sausages were subjected to texture profile analysis (TPA) using a texturometer TA-XT2i (Stable Micro Systems, Surrey, UK) coupled with a 6-mm, stainless steel, cylindrical probe (P/6). The sausages were sliced into cylinders 1 cm in height and 3.2 cm in diameter and were tested in triplicate for each treatment. The following conditions were used as the conditions for the texture profile analysis: a 2.0 mm/s rate in the pretest and a 5.0 mm/s rate in the posttest at 5.0 g force and with a 5 s period between cycles. The textural parameters of hardness, adhesiveness, cohesiveness, gumminess, resilience and chewiness were analyzed using the software Texture Expert for Windows 1.20 (Stable Micro Systems\TE32L\version 6.1.4.0 England).
Statistical Analysis
The data from the analysis of the three treatments were submitted to ANOVA, and when significant (P < 0.05), the means were subjected to Tukey's test. The software Assistat version 7.7 (Silva, 2016) was used as data analysis tool. Subsequently, Principal Components Analysis (PCA) was performed using the MultiVariate Statistical Package (MVSP) software (KCS, 2007) .
RESULTS AND DISCUSSION
Chemical Composition of Chicken Feet Collagen
The chemical composition means and standard deviations of the prepared gelatin and the commercial collagen are outlined in Table 3 . Unsurprisingly, the moisture of the prepared gelatin was higher than that of the commercial collagen, and the collagen powder had lipid content that was not detected in the gelatin. The results showed that collagen accounted for 72.33% of the total protein in the gelatin, whereas collagen accounted for 62.72% of the total protein in the commercial collagen. The ash content was 11.38% for the gelatin and 0.64% for the collagen powder (dry basis). The ash content of the collagen powder was also lower on a wet basis. The presence of minerals in collagen may be associated with its ability to chelate metals (Gomez-Guillen et al., 2011) . Most likely, collagen extraction at 4
• C, under the conditions tested, may improve the quality of the isolate in terms of collagen ratio, increased mineral content and absence of lipids.
Effect of Partial Fat Replacement on the Sensory Characteristics and Texture Profile of Chicken Sausages
All formulations (SS, SC, and SG) were found to be in accordance with Brazilian law on microbiological standards for cold cooked meat (Brazil, 2001) . Regarding the parameters tested in the QDA, the means and standard deviations of the descriptors evaluated in the QDA are outlined in Table 4 . Regarding the appearance of chicken sausages, the traits of pink color, and visual homogeneity varied significantly (P < 0.05) due to fat replacement. The SC treatment, with hydrolyzed collagen powder, had a higher intensity of pink color than the SS control sample. The visual homogeneity of the SC treatment was similar to that of the SS, and the SG sausage was the least homogeneous. Most likely, the use of acetic acid in preparing the chicken feet collagen may have caused a decrease in emulsion pH due to the higher isoelectric point of myofibrillar proteins (Ordoñez, 2005) . As shown in Table 5 , the SG treatment had lower emulsion stability than the control sausage (SS).
The main sensory impacts occurred on sausage texture. The SG treatment had higher tenderness than the other samples, with no significant differences between SS and SC (P < 0.05). In a study with different levels of hydrolyzed collagen-replacing fat, Sousa et al. (2017) concluded that the addition of collagen improved the texture of treated samples regarding their tenderness and juiciness. The sausage with added chicken feet gelatin had statistically similar juiciness to that of standard sausage, and the results were similar to the findings of Amaral (2016) in low-fat sausages (6.49 ± 0.59) using chitosan-glucose obtained by Maillard reaction. No significant differences in water exudation and sausage-filling granularity parameters were observed, thus indicating that fat replacement with collagen caused no changes in those parameters. The sausages' chewiness was significantly lower for SG than for that of other treatments, in agreement with the tenderness findings. Thus, the sausage with gelatin had higher tenderness and required shorter chewing time.
The SG treatment, with chicken feet collagen, had lower values for aroma and cooked chicken flavor. These results may be explained by the use of acetic acid in collagen extraction, which masked those sensory traits. No significant differences (P > 0.05) were found in rancid aroma or in sausage saltiness. Table 4 outlines the means and standard deviations of the textural parameters analyzed in chicken sausages. In the sausage hardness analysis, all treatments significantly differed from each other (P < 0.05); the SS sausage had the highest hardness, and the SG sausage had the lowest. The results were similar to the hardness means found by Amaral et al. (2015) in pork sausages with 20% fat. According to Ramos and Gomide (2017) , such an increase in texture may decrease consumer acceptability of meat products. The results of instrumental hardness showed a similar trend in the QDA of the sausages, wherein the panelists stated that the SG treatment had higher tenderness than the other formulations.
Regarding the adhesiveness parameter, which is measured as the negative force area and is related to sausage adhesion during chewing, the SS and SC treatments had similar results and higher adhesiveness values than the SG treatment. Verma et al. (2012) , studying low-salt and low-fat chicken nuggets, and Verma et al. (2015) , studying low-fat chicken nuggets with chickpea hull flour, found adhesiveness values similar to those assessed in this study. SG had lower adhesiveness, showing decreased adhesion in the mouth when chewed, most likely due to the lower hardness of the product that resulted from the added gelatin, which thereby increased the water-holding capacity (Table 5 ) and decreased the chewing energy (decreased gumminess). According Roça (2000) , chewiness shows a high negative correlation with hardness. Therefore, the final product was easier to swallow by decreasing adhesion during chewing. No significant differences (P > 0.05) for resilience or cohesiveness were found among the treatments, most likely indicating the viability of fat replacement regarding these parameters.
Sausage gumminess, chewiness, and springiness showed similar results: all significantly differed from each other (P < 0.05). SS had the highest means, and the sausage with chicken feet gelatin (SG) had the lowest values. The parameter gumminess was directly related to hardness and chewiness because, according to Civille and Szczesniak (1973) , gumminess is the energy required to break down food to a food bolus ready for swallowing, whereas chewiness is related to the time required to chew food until swallowing. SG had the lowest hardness and the lowest chewiness and gumminess, in contrast to SS. Prestes et al. (2015) , when assessing the textural parameters of low-fat chicken mortadella with native and modified starch, found the same relationship between hardness and chewiness, and we confirmed the correlation between the chewiness as measured by a texturometer and chewiness as assessed by QDA (Table 4) .
Partial Fat Replacement Effect on the Physicochemical Parameters of Chicken Sausages
The chemical composition means (dry basis) of chicken sausages are outlined in Table 5 . SS and SC had similar ash content, which was lower than that of the SG treatment. Most likely, collagen extraction from chicken feet under the conditions applied (0.7 mol/L, 0.2% pepsin for 12 h at 4
• C) may have increased the mineral content because the peptides that were possibly formed may have had the ability to chelate metals (Liu et al., 2015; Ferraro et al., 2016; Bezerra et al., 2016) . Regarding the protein content, the results showed that the SC and SG treatments had higher means than the SS. Such an increase was expected because of the fat replacement with sources of protein. The values of protein content were similar to those found by Sousa et al. (2017) , who replaced fat with different levels of hydrolyzed collagen in chicken sausages, and higher than those found by Choe et al. (2013) , who replaced fat with pig skin and wheat bran in frankfurters and whose protein content, at the highest replacement level, was 47.6% on a dry basis.
Regarding the lipid content, the SC and SG treatments showed 38.41 and 29.02% decreases, respectively, compared with the SS. Based on this decrease, SC and SG are classified as "light" sausages according to Brazilian law, because the lipid content was decreased by at least 25% (Brazil, 2012) . The SG treatment had a higher lipid content on a dry basis than the SC treatment, most likely because the chicken feet collagen added as gelatin increased the wet basis of the sausages, thereby decreasing the dry basis ratio. The moisture content of SG was higher than that of SC, albeit remaining similar to SS. The values of low-fat SC and SG sausages were close to the ratio of lipids on a dry basis found in the study conducted by Prestes et al. (2015) , who tested low-fat mortadella with added native and modified starches.
Regarding the collagen content, the SC treatment had the highest value because the hydrolyzed collagen powder was concentrated, guaranteeing a higher collagen concentration than an SG (Table 3) , similar to that of SS. Thus, the 50% fat replacement with hydrolyzed collagen powder or by chicken feet gelatin used in chicken sausages was an alternative with positive effects from a nutritional standpoint due to the replacement of fat with protein.
All treatments had significantly different mean pH values (P < 0.05), and the SG treatment with added gelatin extracted with acetic acid had the lowest pH (Table 3 ). This value is close to the isoelectric point of myosin (pH 5.4), according to Ordoñez (2005) , which may compromise protein-binding properties and water absorption and may adversely affect the quality parameters of meat products supplemented with this gelatin. The pH values of SS and SC were similar to those obtained by Morin et al. (2002) in low-fat sausages with barley β-glucan.
Regarding the WHC of the sausages, the treatments with fat reduction, SG and SS, had the highest values and statistically similar results. Sousa et al. (2017) found similar values (74.67 to 80.49%), which were similar to the standard treatment up to 25% fat reduction and represented an increase from 50% fat replacement. In their studies, Cavestany et al. (1994) concluded that an increase in fat content increases the concentration and density of the continuous phase of the meat emulsion, which favors a structure that aggregates more water molecules. Collagen, according to Li et al. (2007) , is used to increase water retention in food, and the use of chicken feet gelatin most likely increased water retention, compared with hydrolyzed collagen powder. The WHC value of the SG treatment showed no significant difference from the SS possibly because the SG pH was very close to the isoelectric point of myosin, which hinders protein binding to water.
Regarding the emulsion stability of frankfurters (Table 5) , the 3 treatments differed in most parameters. The emulsion stability of the SS was higher than that of the other treatments, and the sausage with added chicken feet gelatin (SG) had the closest emulsion stability to that of the SS. Furthermore, the SS had the lowest fluid release, either as water or fat. Among sausages with fat reduction, water accounted for approximately 90% of the total fluids released in the SC treatment (12.67%). This ratio was higher than the percentage of water released from the emulsion formed in SG. Regarding the fat released, the SC and SG treatments showed no significant difference (P > 0.05). The addition of gelatin to chicken sausages minimized the losses of fluids compared with collagen powder addition, most likely due to their increased ability to form chemical bonds, thereby decreasing water losses. The low emulsion stability in SG may be associated with the method of extracting collagen from the gel in acid medium, which may have affected the myofibrillar proteins of the meat. The SS and SG treatments had emulsion stability values similar to those obtained by Sousa et al. (2017) when studying low-fat chicken sausages with different levels of hydrolyzed collagen. Table 6 . Means and standard deviations of the percentages of fatty acids and quality indices of chicken sausages with replacement of fat with collagen. Regarding the color parameters (Table 5 ), the SG sausage had a significantly higher luminosity (L * ) intensity than the other treatments, possibly because fat replacement with gelatin increased its scattering, thus increasing the L * value. A similar effect was observed by Zhang et al. (2013) when studying fat replacement with starch in surimi and by Prestes et al. (2015) when assessing fat replacement with native and modified starches in low-fat mortadella. Regarding the red color intensity (a * ), SS had lower values than the treatments with collagen. These results are similarly to the findings of Choe et al. (2013) , wherein sausage fat reduction increased the red color parameter (a * ), with means ranging from 4.78 to 5.03; in that study, the quality of low-fat sausages with added pig skin and wheat fiber mixture as fat replacers was assessed. Regarding the yellow color intensity (b * ), the SS treatment had a lower value than the fat replacement treatments (SC and SG), which showed no significant difference from each other. Similarly, the replacement of fat with chitosan in low-fat sausages also decreases the b * values, as noted by Amaral et al. (2015) .
Regarding the chroma parameter (Table 5) , which indicates sausage color intensity, the SG treatment was similar to standard sausage and more intense than the SC treatment, which tended towards gray. Pereira et al. (2011) , when assessing the effect of adding mechanically deboned poultry meat (MDM) and collagen fibers to frankfurters, observed that adding collagen fiber increased the color saturation in the treatments with low MDM content, similarly to the effect of chicken feet gelatin. The total difference in color ΔE, assessed in the treatments with fat reduction, was highest in the SG treatment, with gelatin. Thus, this was the treatment that most differed from the standard. The values of hue, which expresses tonality, were highest in the fat reduction treatments, SC and SG. The hue value increased with the increase in the parameters a * and b * , and this trend was similar to that found by Verma et al. (2012) in low-sodium, low-fat nuggets, most likely due to the increase in pigment exposure with the decrease in fat of the food product. However, their means were higher than those obtained in this study, with values ranging from 45.64 to 50.76.
Fat-Reduction Effect on the Fatty Acid Profile of Chicken Sausages
The mean area percentages of fatty acids are outlined in Table 6 . All treatments predominantly showed palmitic (C16:0), stearic (C18:0), oleic (C18:1), and linoleic (C18:2) acids, which accounted for an average of 85% of the total composition of fatty acids. A similar prevalence of fatty acids was found by Yilmaz et al. (2002) when assessing the composition of fatty acids in chicken sausages and by Ribeiro et al. (2014) in chicken meat supplemented with docosahexaenoic acid.
Regarding the totals of fatty acids, no significant differences in saturated and in monounsaturated fatty acids were assessed between treatments (P > 0.05). Partial fat replacement with hydrolyzed collagen powder and by chicken feet collagen in gel caused no significant changes in the percentage of fatty acids, most likely due to their composition. Based on the analysis of the gelatin and on the composition of the hydrolyzed collagen used in SC sausages, as reported by Sousa et al. (2017) , both fat replacers are rich in protein and most likely have low lip content. Significant differences were observed only in total polyunsaturated fatty acids. The SC treatment had the highest percentage of PUFAs, most likely resulting from the higher percentages of linoleic (C18:2n6c) and γ-linolenic (C18:3n6) acids. Regarding the ratio between the sum of polyunsaturated and the sum of saturated fatty acids (ΣPUFA/ΣSFA), no significant differences were observed (P < 0.05). The values obtained were lower than those found by Ylmaz et al. (2002) in low-fat beef and chicken sausages with added tomato juice and sunflower oil, which reached ratios of 3.65 upon supplementation with sunflower oil, which is rich in unsaturated fatty acids.
Regarding AI and TI, which are related to dietary fat quality, the treatments with fat reduction, SC and SG, had lower AI, with no significant differences from each other. Niroumand et al. (2015) related atherogenicity to the risk of cardiovascular diseases; AI values lower than 0.11 indicate a low risk of cardiovascular diseases (CVDs), values ranging from 0.11 to 0.21 suggest an intermediate risk, and values higher than 0.21 are suggestive of an increased CVD risk. In the present study, the SG treatment showed a lower AI, albeit still considered at increased risk. TI, which is related to the ability to form blood vessel clots (Garaffo et al., 2011) , was similar between the SG and SS treatments, which had lower TI than the SC treatment. The AI and TI values of the SG treatment were similar to the indices found by Romero et al. (2013) in sausages sold in Argentina. Figure 1 , which corresponds to the PCA of lowfat chicken sausages, shows that the parameters were distributed near their most representative treatments. Initially, the results showed that the three treatments occupy different quadrants in the graph and are considered different and are thought to have different characteristics. According to the graphical representation, the SS sample was associated with the parameters chewiness, hardness, chicken aroma, emulsion stability, visual homogeneity and hardness. The treatments with fat replacement with hydrolyzed collagen powder added to the sausage formulation, SC, showed a stronger association with the parameters a * , released water (%), total fluid released (%), pink color and hue saturation. The SG sausage had similar adhesiveness, tenderness, luminosity and water-holding capacity. Tomaschunas et al. (2013) , when using PCA to study sensory changes in Lyon-style fat-pork and liver sausages with fat replacement with inulin and citrus fiber, concluded that fat reduction was correlated with color intensity, whereas samples with higher fat content were correlated with a typical meat aroma and juiciness for the sausages.
Principal Components Analysis
This study showed that SS was correlated with the typical chicken aroma, whereas SC was correlated with fluid exudation, and SG was correlated with tenderness and water retention.
CONCLUSION
The results showed positive effects on chicken sausages, including increased emulsion stability and water-holding capacity, when compared with SC, and lower AI and TI. The alternative of gelatin extraction from chicken feet consists of simple techniques and contributes by improving the use of waste with high biological value; furthermore, this method positively impacts the quality of chicken sausages by replacing the fat used in the formulations. However, the method of gelatin preparation with acetic acid lowered the pH to approach the isoelectric point of myofibrillar proteins, which may have adversely affected the textural parameters. Thus, future studies with other fat replacement levels or other methods of gelatin extraction from chicken feet should be conducted.
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